The 2016 Nobel Prizes were awarded to Yoshinori Ohsumi for autophagy and to David Thouless, Duncan Haldane and Michael Kosterlitz for topological transitions. Both of these phenomena are intrinsically related when it comes to membranes. Here, we give a brief account on topological transformations of lipid membranes, commonly known as membrane fusion and membrane scission, and introduce the underlying topological invariant, the genus. The genus of a shape is a useful concept to distinguish unambiguously the processes of membrane fusion/ scission and offers a simple method to describe complex, cellular membrane structures, such as fenestrated cristae. We distinguish and highlight the connection between topological transformations of lipid membranes and the recent awards, and point out the extraordinarily large number of topological changes during autophagy.
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For those who contribute to the "greatest benefit on mankind" 1 the Nobel prizes are awarded annually. Today, 6 disciplines are considered: physics, chemistry, physiology or medicine, literature, peace and economics. Given the diversity of the fields these categories span, it is unusual that a scientific topic is highlighted by more than 1 prize in n + h, where n is the number of membrane surfaces (in this case two In such a topological perspective, the eukaryotic cell can be understood as a union of many unconnected membranes (organelles and vesicles), enclosed by the plasma membrane. However, as some organelles, such as the network of the ER, the Golgi apparatus or the nuclear membrane, contain a large number of holes, the genus of a cell is not that easy to determine, Figure 2B . Not even the sign of the genus can be estimated, as it is not known at present whether the number of organelles and vesicles is greater than the number of holes, or vice versa.
For example, recent work demonstrated that sheets of the ER are highly fenestrated. 8 Thus, these structures are better described as densely packed tubular networks instead of sheets, suggesting a much higher g than anticipated previously. Moreover, it seems reasonable that the genus of a cell depends on a large variety of parameters, for example, the cell type (secretory cells for instance contain many vesicles), developmental status or cell cycle. New whole-cell high-resolution imaging techniques, such as scanning electron microscopy combined with focused ion beam milling or a combination of various super-resolution techniques, are promising tools with the perspective in the near future to describe entire cells in geometric terms. 8, 9 Topological transformations in cells take place during autophagy, in all vesicular transport pathways, as well as during viral infections and release, neurotransmission and hormone release, in the endolysosomal system, cell division or dynamics of organelles such as mitochondria.
Moreover, applications such as liposomal drug delivery or production of monoclonal antibodies (cell-cell fusion) depend on changes in membrane topology. curving of the sheet-like structure into a cup-like shape (step 3), and as a result, the cytosolic cargo is captured, Figure 3 . 15 Phagophore bending is followed by two late topological transformations which include one membrane scission and another membrane fusion step. 16 First, the single continuous membrane of the phagophore is split into two membranes: the outer and the inner autophagosomal vesicle Similarly, to non-autophagic membrane fusion and scission events in cells, energy barriers associated with topological changes during autophagy most probably proceed only by active processes.
Thus, it is reasonable that known fusion and scission proteins or complexes such as SNAREs or ESCRTs intercalate with autophagy-related (ATG) proteins to regulate and drive these processes.
CONCLUSION
A lipid membrane can be considered as a 2-dimensional material.
When environmental conditions are altered, topological changes of the membrane surface can be induced, altering the genus g in integer steps: half a hole cannot be formed in a membrane. As discussed, such changes represent modifications in the geometry of the surface. This work is part of the MaxSynBio consortium which is jointly funded by the Federal Ministry of Education and Research of Germany and the Max Planck Society. The funders had no role in study design, data collection and analysis, decision to publish or preparation of the manuscript.
The Editorial Process File is available in the online version of this article.
